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Methods	
Fly	strain.	Flies	were	raised	on	cornmeal-agar-yeast	medium	at	25°C.	yw	was	used	as	the	
control	strain.	elav-GAL4	(#8765)	(Luo	et	al.,	1994)	was	obtained	from	the	Bloomington	
Drosophila	Stock	Center	(BDSC,	stock	number	#8765).	EcRM554fs	(#4894)	and	EcRA483T	(#5799)	
(Bender	et	al.,	1997)	were	also	obtained	from	BDSC.	UAS-SPR-IR	(VDRC	KK106804),	UAS-sad-
IR	(VDRC	KK106356)	and	UAS-EcR-IR	(VDRC	KK37059)	were	obtained	from	the	Vienna	
Drosophila	RNAi	Center.	SP0,	SPΔ	(Liu	and	Kubli,	2003)	and	NP21-GAL4,	an	enhancer	trap	line	
inserted	near	the	fruitless	promoter	(Hayashi	et	al.;	Kimura	et	al.,	2008),	were	gifts	from	
Nobuaki	Tanaka	(Hokkaido	University,	Japan).	c587-GAL4	(Kai	and	Spradling,	2004;	Zhu	and	
Xie,	2003)	and	ppk-GAL4	(Grueber	et	al.,	2007)	were	gifts	from	Hiroko	Sano	(Kurume	
University,	Japan),	Tadashi	Uemura	(Kyoto	University,	Japan)	and	Günter	Korge,	respectively.	
UAS-SP.GGT	for	overexpressing	a	transgene	of	membrane-bound	form	of	SP	(Nakayama	et	
al.,	1997)	was	a	gift	from	Toshiro	Aigaki	(Tokyo	Metropolitan	University).	Other	strains	used	
were	UAS-nvd-IR,	UAS-nvd-Bm	[wt],	UAS-nvd-Bm	[H190A]	(Yoshiyama-Yanagawa	et	al.,	
2011).	
	
Mating	assay.	Flies	were	reared	at	25°C	and	aged	for	3	days.	About	15–30	virgin	female	flies	
were	introduced	into	a	vial	with	cornmeal-agar-yeast	media	containing	more	yw	male	flies	
than	female	flies	for	6	hours	at	25°C.	The	mating	protocol	using	3-	or	4-day-old	adult	female	
flies	has	also	been	used	in	previous	studies	to	assess	mating-induced	Drosophila	behaviors.	
Individual	female	flies	were	introduced	into	a	vial	with	yeast	paste	on	grape	juice-agar	
media	for	16	hours	(for	GSC	count)	or	24	hours	(for	ecdysteroid	measurement)	at	25°C.	I	
determined	mating	success	by	checking	egg	laying	and	hatching	larvae.	I	transferred	flies	
into	fresh	vials	and	counted	egg-number	manually	after	48	hours.	
	
Immunohistochemistry.	Ovaries	were	dissected	in	Grace’s	Insect	Medium,	Supplemented	
(Life	Technologies)	and	fixed	in	4%	paraformaldehyde	in	Grace’s	medium	for	20	min	at	room	
temperature	(RT).	For	staining	of	germaria,	the	fixed	samples	were	washed	three	times	in	
phosphate-buffered	saline	(PBS)	supplemented	with	0.1%	Triton	X-100.	For	staining	of	
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whole	ovarioles,	the	fixed	samples	were	washed	twice	in	PBS	with	1%	Triton	X-100	and	once	
in	PBS	with	2%	Triton	X-100.	After	these	washing	steps,	the	samples	were	blocked	in	the	
blocking	solution	(PBS	with	0.3%	Triton	X-100	and	0.2%	BSA)	for	1	hour	at	RT,	and	then	
incubated	with	a	primary	antibody	in	the	blocking	solution	at	4°C	overnight.	The	primary	
antibodies	used	in	this	study	were	mouse	anti-Hts	1B1	(Ding	et	al.,	1993)	(1:50;	purchased	
from	Developmental	Studies	Hybridoma	Bank),	rat	anti-DE-cadherin	DCAD2	(Oda	et	al.,	
1994)	(1:100;	purchased	from	Developmental	Studies	Hybridoma	Bank),	rabbit	anti-
phospho-histone	H3	(Millipore;	1:1000),	mouse	anti-Lamin-C	LC28.26	(Riemer	et	al.,	1995)	
(1:10;	provided	from	Satoru	Kobayashi),	rabbit	anti-Sad	(Gibbens	et	al.,	2011)	(1:200;	a	gift	
from	Michael	B.	O’Connor),	and	guinea	pig	anti-Nvd	(Ohhara	et	al.,	2015)	(1:200).	
Fluorescent	(Alexa488	or	Alexa546)-conjugated	secondary	antibodies	(Life	Technologies)	
were	used	at	a	1:200	dilution	and	incubated	for	2	hours	at	RT	in	the	blocking	solution.	All	
samples	were	mounted	in	FluorSave	reagent	(Calbiochem).	GSC	number	were	determined	
based	on	the	morphology	and	position	of	their	anteriorly	anchored	spherical	spectrosome.	
	
Ecdysteroid	level	measurements.	Flies	were	reared	at	25°C	and	aged	for	4	days.	Ovaries	
were	dissected	in	PBS.	Samples	were	homogenized	in	50	µL	of	methanol	in	1.5-mL	tubes	
using	a	pestle.	After	centrifugation	at	20,913	x	g	for	1	min,	the	supernatants	were	
transferred	to	new	tubes	and	dried	with	a	centrifugal	evaporator.	Samples	were	
resuspended	in	50	µL	of	EIA	buffer	(Cayman	Chemicals)	according	to	the	manufacturer’s	
protocol	and	incubated	at	4°C	overnight.	Ecdysteroid	levels	were	quantified	by	an	enzyme-
linked	immunosorbent	assay	using	anti-20E	antiserum	(Cayman	Chemicals)	and	20E-
acetylcholinesterase	(Cayman	Chemicals)	as	essentially	described	[60].	Note	that	the	
antiserum	used	in	this	study	is	known	to	recognize	not	only	20-hydroxyecdysone	(20E)	but	
also	ecdysone	(Yamanaka	et	al.,	2015).	In	this	study,	I	used	20E	(ENZO	Life	Sciences)	as	a	
standard,	and	the	ecdysteroid	amount	was	expressed	in	20E	equivalents.	Absorbance	was	
measured	at	415	nm	using	a	microplate	reader	Multiskan	GO	(Thermo	Fisher	Scientific).	
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Feeding	experiments	using	20-hydroxyecdysone	and	7-dehydrocholesterol.	Flies	were	
reared	at	25°C	and	aged	for	1	day	and	placed	on	cornmeal-agar-yeast	media	mixed	with	a	
solution	of	20E	in	ethanol,	resulting	in	a	final	concentrations	of	10-5	M.	Flies	were	also	fed	
on	regular	food	containing	0.1%	wet	weight	7-dehydrocholesterol	(7dC,	Sigma).	The	
experiment	using	7dC	was	carried	out	under	constant	dark	conditions	because	7dC	is	
unstable	in	light.	The	same	concentration	of	methoprene	was	used	in	a	previous	study	for	
Drosophila	female	adults	(Reiff	et	al.,	2015).	GSC	counts	or	ecdysteroid	measurements	were	
performed	on	mated	and	unmated	4-day-old	female	flies.	
	
Egg	laying	assay.	3-day-old	females	were	transferred	to	a	vial	with	the	same	number	of	
males	to	allow	mating.	Individual	females	were	transferred	to	a	fresh	vial	and	allowed	to	lay	
eggs	for	24	hours.	We	used	a	round	chamber	(23	mm	diameter	and	40	mm	height)	with	
cornmeal-yeast-agar	media.	
	
Statistical	analysis	and	graphing.	Statistical	analysis	and	graphing	were	performed	with	
Excel	(Microsoft)	and	an	add-in	software	for	statistics	(Excel	Toukei	2011;	Social	Survey	
Research	Information).	The	mean	values	were	calculated	with	standard	errors.	For	analyzing	
the	values	of	GSC	numbers,	a	Wilcoxon	rank	sum	test	was	applied.	For	analyzing	the	values	
of	number	of	cap	cells,	number	of	laid	eggs,	ecdysteroid	levels,	and	weight	of	ovaries,	
Student’s	t-test	or	Dunnett’s	test	(For	multiple	comparisons)	were	applied.	For	analyzing	the	
values	of	frequency	of	mitotic	GSCs,	Chi–square	analysis	was	applied.	The	P	value	is	
provided	for	comparison	with	the	control	shown	as	*P	≤	0.05,	**P	≤	0.01,	***P	≤	0.001;	NS,	
non-significant	(P	>	0.05).	
	
